Gas-Phase Conformations and Energetics of Protonated 2'-Deoxyguanosine and Guanosine: IRMPD Action Spectroscopy and Theoretical Studies.
The gas-phase structures of protonated 2'-deoxyguanosine, [dGuo+H](+), and its RNA analogue protonated guanosine, [Guo+H](+), are investigated by infrared multiple photon dissociation (IRMPD) action spectroscopy and theoretical electronic structure calculations. IRMPD action spectra are measured over the range extending from ∼550 to 1900 cm(-1) using the FELIX free electron laser and from ∼2800 to 3800 cm(-1) using an optical parametric oscillator/amplifier (OPO/OPA) laser system. The measured IRMPD spectra of [dGuo+H](+) and [Guo+H](+) are compared to each other and to B3LYP/6-311+G(d,p) linear IR spectra predicted for the stable low-energy conformations computed for these species to determine the most favorable site of protonation, identify the structures accessed in the experiments, and elucidate the influence of the 2'-hydroxyl substituent on the structures and the IRMPD spectral features. Theoretical energetics and the measured IRMPD spectra find that N7 protonation is preferred for both [dGuo+H](+) and [Guo+H](+), whereas O6 and N3 protonated conformers are found to be much less stable. The 2'-hydroxyl substituent does not exert a significant influence on the structures and relative stabilities of the stable low-energy conformations of [dGuo+H](+) versus [Guo+H](+) but does provide additional opportunities for hydrogen bonding such that more low-energy structures are found for [Guo+H](+). [dGuo+H](+) and [Guo+H](+) share very parallel IRMPD spectral features in the FELIX and OPO regions, whereas the effect of the 2'-hydroxyl substituent is primarily seen in the relative intensities of the measured IR bands. The measured OPO/OPA spectral signatures, primarily reflecting the IR features associated with the O-H and N-H stretches, provide complementary information to that of the FELIX region and enable the conformers that arise from different protonation sites to be more readily distinguished. Insight gained from this and parallel studies of other DNA and RNA nucleosides and nucleotides should help better elucidate the effects of the local environment on the overall structures of DNA and RNA.